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© Production of carriers for surface plasmon resonance. 

(§) A process for the production of a carrier for 
surface plasmon resonance analysis (SPR) in which 
a metallic film comprising a layer of silver is depos- 
ited on a surface characterised in that after the silver 
layer has been deposited the film is subjected to an 
annealing step in which it is heated to a temperature 
sufficient to anneal it. 
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This invention relates to a process for the pro- 
duction of carriers for surface plasmon resonance 
(SPR). 

Surface plasmon resonance or (SPR) is a tech- 
nique which can be used in the analysis of anti- 
bodies which are deposited on surfaces which have 
been coated with thin films of silver. SPR based 
sensors are discussed in a paper by I Faulkner, W 
R Flavell, J Davies, R F Sunderland and C S 
Nunnerly : "SPR-based sensors studied by elec- 
tron energy loss spectroscopy and attenuated total 
reflection" - to be published in J Electron Spec- 
troscopy, 1993. The manner in which a coating is 
applied to a surface has important consequences 
for the subsequent properties of that surface in 
terms of SPR and control of the coating process is 
important. At present coating is generally per- 
formed by spattering but control is not good. It is 
important that the films are formed from uniform 
layers of metal in order to get reproducible SPR. 
On account of this improved methods for the pro- 
duction of films for SPR are desirable. 

According to the present invention we provide 
a process for the production of a carrier for SPR 
analysis in which a metallic film (preferably thin) 
comprising a layer of silver is deposited on a 
surface characterised in that after the silver layer 
has been deposited the film is subjected to an 
annealing step in which it is heated to a tempera- 
ture sufficient to anneal it. 

In the annealing step the film is annealed effec- 
tively in order to bake it and thereby to orient the 
film and enhance its physical properties. 

In operation of the process of the invention the 
surface, which is suitably a glass surface, is prefer- 
ably subjected to an appropriate pre-treatment be- 
fore the silver layer is laid down upon it. A suitable 
pre-treatment comprises the steps of cleaning, 
treatment by reactive glow discharge and thereafter 
deposition of a preparatory metallic layer. The pre- 
paratory metallic layer is preferably thin. The silver 
layer is then deposited on the preparatory layer. 
After the silver layer has been deposited it is 
annealed. 

The annealing step is carried out effectively to 
bake the metallic film. It has the effect of orienting 
the film and enhancing its physical properties. Suit- 
ably annealing is effected by infra red heating in a 
chamber. The preferred period is in the range 1.5 
to 4 hours. The preferred temperature is in the 
range 125° to 175 "C. A temperature of 150* is 
especially preferred The annealing temperature is 
important when SPR is to be used to analyse the 
binding of antibodies. It is less important for an- 
alysing the binding of compounds such as dextran. 

Preferably the surface is a glass surface. Any 
suitable glass surface may be used but a preferred 
surface has a silicon dioxide surface layer. Particu- 



larly suitable types of glass are "PERMABLOC w( ™ > 
and the earlier product "PERMASHEET"*™* glass, 
both manufactured by Pilkington Glass of St 
Helens, England. These have consistent top layers 

5 of silicon dioxide. 

In the pre-treatment the glass can be cleaned 
by any suitable means. Preferred treatments in- 
clude treating with a freon and/or ultrasonic treat- 
ment and thereafter with a vapour bath or blow 

10 drying. 

After cleaning the glass is suitably subjected to 
treatment with an oxygen-containing gas. Any suit- 
able treatment may be used which will cause oxy- 
gen ions to enter the surface to an extent sufficient 

75 to sensitise it. Preferably the surface is subjected 
to a reactive glow discharge treatment which suit- 
ably uses a mixture of oxygen and an inert gas in 
particular argon. The surface can be put into a 
vacuum system in a clean room environment. It 

20 may then be subjected to reactive glow discharge 
using a mixture of oxygen and a rare gas contain- 
ing suitably 5% to 15% oxygen. A preferred treat- 
ment uses a mixture of argon (90%) and Oxygen 
(10%). The treatment time is suitably 1 to 5 min- 

25 utes with 2 minutes being preferred. Prior to this 
procedure the chamber is suitably pumped to a 
high vacuum. The organic vapour is suitably low or 
negligible. 

In the pre-treatment, when reactive glow dis- 
30 charge treatment has been completed a thin pre- 
paratory metallic layer suitably deposited on the 
glass to form a base for the silver layer. This 
preparatory layer suitably comprises a major pro- 
portion of titanium, nickel and/or chromium, pref er- 
as ably being composed essentially of one of these 
metals, nickel being preferred. It is suitably depos- 
ited using an electron beam source. Suitably it has 
a thickness in the range 20A to 40A, preferably 
20A to 30A and especially 25A to 30 A. 
40 When any pre-treatment has been completed, 

the silver layer is deposited on the preparatory 
metallic layer, suitably soon and preferably imme- 
diately after the latter has been formed. Suitably 
the silver layer has a thickness in the range 500A 
45 to 600A, preferably 520 A. This has been found to 
give the optimum SPR response. The deposit of 
the silver layer is suitably made at a low rate, being 
preferably at a rate between 0.5 A and 5.0 A per 
second and especially 1.oA per second, 
so The annealing step is carried out after the 

silver layer has been deposited. Preferably it is 
carried out immediately after the deposit of the 
silver layer but the presence of one or more inter- 
mediate steps is not precluded. 
55 The invention is illustrated by the following 

example:- 
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Example 

A sheet of " PERM ASH EET"< ™ > glass obtained 
from Pilkingtons Glass, St Helens, England was 
cleaned by ultrasonic treatment with a freon liquid, 
followed by freon vapour drying to eliminate streak- 
ing marks. 

The cleaned sheet was then put into a vacuum 
system in a clean room environment and evacu- 
ated to approximtely 10 -7 m bar in an oil-free envi- 
ronment. It was then subjected to reactive glow 
discharge using a gaseous mixture comprising 
90% argon and 10% oxygen for a 2 minute period. 
This was done by admitting a small amount of the 
gaseous mixture to the system and pumping at a 
pressure of 20 to 60 microns while applying a 
voltage of 300V to an electrode for 2 minutes. As a 
result of this treatment oxygen ions have sufficient 
energy to enter the surface of the glass and sen- 
sitise it. The equipment used was a Temescale 
2550 coating system using a Telemark 4 crucible 
e-gun evaoration with Sycon controller. 

After reactive glow discharge treatment the 
system was repumped to approximately 10~ 7 m 
bar. Then a thin layer of nickel from a 99.9% pure 
ingot produced by Materials Research Corporation 
(MCR) was laid down upon the glass surface using 
an electron beam source. A tuypical beam current 
was 60mA at 1 0 KeV energy. The layer was 25A to 
30A in thickness. Deposition time was 25 to 30 
seconds at t A per second. 

Immediately after the layer of nickel had been 
laid down a layer of silver from a 99.9% pure ingot 
from MCR was laid upon it using the same tech- 
nique. A typical beam current was 50mA at 10 
KeV. The silver layer was 520A in thickness. Depo- 
sition time was 8.5 minutes at 1 A per second. 

After deposit of the silver layer annealing was 
effected by placing the coated glass surface in a 
chamber and subjecting it to infra red heating at 
150°Cfor 4 hours. 

The silver coated glass surface produced had a 
very suitable SPR response. 

This is illustrated by Figures 1 and 2 of the 
accompanying drawings wherein :- 

Figure 1 is a graph of percentage light transmit- 
ted against angular position for a conventional 
commercially available SPR system; and 
Figure 2 is a graph of percentage light transmit- 
ted against angular position for the system of 
the Example. 

The Figures show that the characteristics pro- 
duced by the Example are superior, giving a sharp- 
er, more distinct minimum in the curve. 

Figure 1 relates to an air SPR of typically 
commercially available slides of approximately 
41 OA gold (measured by optical density) with as- 
say material removed from the gold surface. 



Figure 2 relates to aire SPR and to slides 
prepared by the process of the invention of ap- 
proximately 560A silver with underlay measured by 
optical density. 

5 

Claims 

1. A process for the production of a carrier for 
surface plasmon resonance analysis (SPR) in 

w which a metallic film comprising a layer of 

silver is deposited on a surface characterised 
in that after the silver layer has been deposited 
the film is subjected to an annealing step in 
which it is heated to a temperature sufficient to 
75 anneal it. 

2. A process according to claim 1 characterised 
in that during the annealing step the film is 
heated for a period in the range 1 .5 to 4 hours. 

20 

3l A process according to claim 1 or claim 2 
characterised in that during the annealing step 
the film is heated to a temperature in the range 
125* to 175-C. 

25 

4. A process according to any one of the preced- 
ing claims characterised in that the surface is 
glass coated with a silicon dioxide surface lay- 
er. 

30 

5. A process according to any one of the preced- 
ing claims characterised in that the silver layer 
has a thickness in the range 500 A to 600 A. 

35 6. A process according to any one of the preced- 
ing claims characterised in that a preparatory 
metallic layer comprising a major proportion of 
titanium, nickel and/or chromium is deposited 
before the silver layer. 

40 

7. A process according to claim 6 characterised 
in that the preparatory metallic layer is formed 
essentially from nickel. 

45 8. A process according to claim 6 or claim 7 
characterised in that the preparatory metallic 
layer has a thickness in the range 20 A to 40A. 

9. A process according to any one of the preced- 
50 ing claims characterised in that before the sil- 
ver layer is deposited the surface is subjected 
to a pre-treatment comprising the steps of 
cleaning, treatment by reactive glow discharge 
and thereafter deposition of a preparatory me- 

55 tallic layer. 

10. A process according to claim 8 characterised 
in that the reactive glow discharge treatment 
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uses a mixture of oxygen and argon containing 
5% to 15% oxygen. 
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